Background-A recent meta-analysis of randomized trials suggested that use of angiotensin receptor blockers (ARBs) may be associated with a modestly increased risk of incident cancer, particularly lung cancer. 
A ngiotensin receptor blockers (ARBs) are in widespread use for hypertension, heart failure, and diabetic nephropathy. [1] [2] [3] A recent meta-analysis of 9 randomized trials found that the use of ARBs was associated with a modestly increased risk of incident cancer overall (rate ratio [RR], 1.08; 95% confidence interval [CI], 1.01 to 1.15) compared with placebo or comparator drugs. 4 Among the specific cancers examined, there was significantly increased risk of lung cancer (RR, 1.25; 95% CI, 1.05 to 1.49), whereas no significant risk of cancer mortality was detected. These findings prompted the Food and Drug Administration and the European Medicines Agency to initiate a review of ARB safety. 5, 6 Clinical Perspective on p 1736
Because previous studies have failed to detect an increased risk of cancer associated with use of angiotensin-converting enzyme (ACE) inhibitors, [7] [8] [9] [10] [11] results of the meta-analysis 4 imply that mechanisms specific to ARBs, ie, inhibition of the angiotensin II type 1 receptor and associated unopposed stimulation of the type 2 receptor, may influence the development of cancer. On the other hand, the body of experimental data favors possible beneficial effects of ARBs, including inhibition of tumor growth, angiogenesis, and metastasis in cancer models. 12, 13 The trials included in the meta-analysis were not designed to investigate cancer as a primary outcome, and the metaanalysis lacked individual-level data, which precluded timeto-event analyses. 4 Only 3 small observational studies have examined the association between ARBs and specific cancers, finding no significant risk of melanoma, breast cancer, or renal cancer. 14 -16 In a nationwide registry-based cohort in Denmark, we evaluated the hypothesis that ARB use is associated with incident cancer in a comparison of new users of ARBs and ACE inhibitors.
filled drug prescriptions, cancer diagnoses, and potential confounders. We established a cohort of new users of ARBs and ACE inhibitors, including those who filled a new prescription during the study period. The primary outcome measure was risk of incident cancer overall in new users of ARBs compared with new users of ACE inhibitors. Secondary outcomes included cancer subgroups by anatomic site (including a specific analysis of lung cancer because of previous findings 4 ) and specific ARBs, analyses by sex, and cancer mortality. The study was approved by the Danish Data Protection Agency. Ethics approval is not required for registry-based research in Denmark.
The Prescription Drug Registry contains individual-level information on all prescriptions filled at all Danish pharmacies, 18 including the personal identification number, dispensing date, anatomic therapeutic chemical code, and number of defined daily doses in the prescription. We included all ARBs (ATC-code C09CA) and ACEinhibitors (C09AA) in use in Denmark, including combinations with thiazide diuretics (C09DA and C09BA, respectively): losartan, eprosartan, valsartan, irbesartan, candesartan, telmisartan, and olmesartan; and captopril, enalapril, lisinopril, perindopril, ramipril, quinapril, benazepril, fosinopril, trandolapril, and moexipril. Those who had filled a prescription for ARBs or ACE inhibitors during a washout period of 2 years before cohort entry were excluded. This design allowed selective inclusion of new users, which reduces the potential for prevalent user bias 19 and allows estimation of exposure duration.
After cohort entry, defined by the date of filling the first prescription for an ARB or ACE inhibitor, we allowed for a 180-day lag period. During the lag period, participants did not contribute person-time. Those diagnosed with cancer or meeting other censoring criteria (defined below) during the lag period were disregarded from further analyses, thereby limiting the inclusion of participants with incipient cancer (the development of which might not have been affected by drug treatment during a short period of time).
Patients were assigned as users if they had filled a minimum of 2 consecutive prescriptions for an ARB or ACE inhibitor, and follow-up was started on the day the second prescription was filled. If the second prescription was filled during the lag period, participants did not contribute person-time until after the end of the lag period.
Patients were followed up continuously for their current drug exposure status throughout the follow-up. Within each treatment episode, a gap between prescriptions of up to 50% of the duration of the preceding prescription (in defined daily doses) was accepted to leave room for variations in drug intake habits. If 2 prescriptions overlapped, the overlap was disregarded and exposure time was counted from the dispensing day of the most recent prescription. Users of ARBs or ACE inhibitors who subsequently stopped treatment were recategorized to a distinct group of patients-past users-and contributed person-time to this group from the day the maximum gap time after a prescription was exceeded. The past user group thus consisted of unexposed person-time from patients previously exposed to ARBs or ACE inhibitors who had stopped treatment. However, if they later refilled a prescription and fulfilled criteria for use, past users could again be recategorized and contribute person-time to the user group. Thus, each participant could contribute several distinct use and past use episodes that, when added together, represented this participant's total person-time of use and past use, respectively.
Diagnoses of incident cancer were identified via the Danish Cancer Registry, 20 which documents all cases of cancer in the country with high completeness and validity 20 ; cancers are classified according to the International Classification of Diseases. We grouped cancers according to anatomic site (International Classification of Diseases codes in Table I in the onlineonly Data Supplement) and subdivided the respiratory group into lung and nonlung. We also performed exploratory analyses of lung cancer by histological type: small-cell carcinoma, adenocarcinoma, squamous cell carcinoma, and other/unspecified types. Individuals diagnosed with any cancer before cohort entry (back to 1978) were excluded. Cancer causes of death were derived from the Cause of Death Registry. 21 
Statistical Analyses
Participants were censored at the date of a first diagnosis of cancer, end of follow-up (December 31, 2006), death, disappearance, or emigration, whichever occurred first. Applying a Poisson regression model (log-linear regression of the counts of cancer using the logarithm of the follow-up time as offset), we estimated the RR for incident cancer or cancer mortality comparing ARB and ACE inhibitor users (SAS version 9.1). We compared only those who did not use ARBs and ACE inhibitors simultaneously and had not switched between the 2 drugs. In subgroup analyses of specific ARBs, switching between different ARBs was allowed. We also analyzed cancer risk according to total duration of ARB use (estimated by cumulative received defined daily doses) compared with the overall risk associated with ACE inhibitor use. In these analyses, 365 defined daily doses were defined as equivalent to 1 year, and the cumulative received doses were counted starting after the lag period.
Effect measures were adjusted for sex, age in 5-year intervals, calendar year, socioeconomic class, degree of urbanization, and use of other antihypertensives (␤-blockers [C07A], calcium channel blockers [C08CA, C08D], and thiazides [C03A]). To adjust for comorbidity, we used diagnostic information from the National Patient Registry, 22 which documents all hospitalizations and outpatient hospital visits in the country, and calculated the Charlson comorbidity index 23, 24 (cancer diagnoses were not included) on the basis of data registered before cohort entry. We also adjusted for the number of hospitalizations in the last 3 years before cohort entry. We did not have data on smoking. In subgroup analyses, we did not correct for multiple comparisons.
Results
From a source population of 3 312 484 individuals, we excluded 117 012 with a history of cancer and 169 681 with previous ARB or ACE inhibitor use. A total of 438 728 individuals filled a new ARB or ACE inhibitor prescription during the study period. The mean duration of a prescription was 97 days (SD, 64 days) for ARBs and 116 days (SD, 96 days) for ACE inhibitors, and the mean interval between prescriptions was 72 days (SD, 79 days) for ARBs and 71 days (SD, 89 days) for ACE inhibitors. During the 180-day lag period after a first prescription of an ARB or ACE inhibitor, an additional 13 443 individuals were censored owing to death, end of follow-up, disappearance, emigration, or a cancer diagnosis. The final study cohort thus included 425 285 persons. Among these, 107 466 and 209 692 fulfilled criteria for ARB and ACE inhibitor use, respectively, and had no simultaneous or previous use of the other drug; descriptive characteristics are presented in Table 1 . Among ARB users, 894 (0.8%) had filled only 2 prescriptions and 106 572 (99.2%) had filled at least 3 prescriptions. Among ACE inhibitor users, 3156 (1.5%) had filled only 2 prescriptions and 206 536 (98.5%) had filled at least 3 prescriptions. The mean duration of ARB and ACE inhibitor use was 2.9 years (SD, 2.2 years) and 2.1 years (SD, 1.9 years), respectively.
ARB use was not significantly associated with increased risk of incident cancer overall (crude RR, 0.89; 95% CI, 0.85 to 0.92) compared with ACE inhibitor use ( Table 2 ). There was no significantly increased risk of cancer associated with ARB use after adjustment only for age (RR, 0.93; 95% CI, 0.90 to 0.97) or after adjustment for age, sex, year, socioeconomic class, degree of urbanization, comorbidity, hospital-izations, and use of other antihypertensives (RR, 0.99; 95% CI, 0.95 to 1.03; Table 2 ). Adjusted RRs for the association between ARB use and cancer were similar in men and women (Table 2 ). In addition, past use of ARBs was not associated with an increased risk of cancer (adjusted RR, 1.03; 95% CI, 0.96 to 1.11) compared with past use of ACE inhibitors.
The risk of cancer did not increase with increasing duration of ARB use, estimated by cumulative received drug doses, compared with the overall risk associated with ACE inhibitor use ( Figure 1) ; the increase in adjusted RR per year of ARB use was 0.99 (95% CI, 0.99 to 1.00). For instance, the adjusted RR was 1.00 (95% CI, 0.95 to 1.05) among those with 0 to 1 year of ARB exposure and 1.01 (95% CI, 0.94 to 1.08) among those with Ͼ5 years of exposure. Figure 2 shows associations between ARB use and cancer subgroups by anatomic site. ARB use was significantly associated with a modestly increased risk of male genital cancer (adjusted RR, 1.15; 95% CI, 1.02 to 1.28) and modestly decreased risk of other cancers (ill-defined, secondary, and unspecified sites, and independent multiple primary sites; adjusted RR, 0.78; 95% CI, 0.65 to 0.94) compared with ACE inhibitor use. There were no significant associations between ARB use and any of the other 14 subgroups of cancer, including lung cancer (adjusted RR, 0.92; 95% CI, 0.82 to 1.02). In exploratory analyses of lung cancer by histological type, adjusted RRs were 0.80 (95% CI, 0.65 to 0.99) for small-cell carcinoma (nϭ128 among ARB users), 1.24 (95% CI, 1.01 to 1.52) for adenocarcinoma (nϭ173), 0.86 (95% CI, 0.67 to 1.12) for squamous cell carcinoma (nϭ87), and 0.80 (95% CI, 0.65 to 0.98) for other/unspecified types (nϭ136). Figure 3 shows that none of the specific ARBs was associated with significantly increased risk of incident cancer overall compared with ACE inhibitors. We also followed up patients for the outcome of death. ARB use was not associated with increased risk of cancer mortality compared with ACE inhibitor use (adjusted RR, 0.77; 95% CI, 0.72 to 0.82).
In planned sensitivity analyses, we first used an alternative exposure definition; ARB exposure was not associated with cancer overall when we used a conservative definition of ARB and ACE inhibitor use that did not allow any gap between prescriptions (adjusted RR, 1.00; 95% CI, 0.95 to 1.05). Second, the lag period from first prescription to start of follow-up was redefined as 3 years. Among patients who remained in the cohort after this extended lag period, 64 036 ARB users were followed up during 140 562 person-years and compared with 89 259 ACE inhibitor users who were followed up during 163 617 person-years; ARB use was not associated with cancer (adjusted RR, 0.99; 95% CI, 0.95 to 1.03). Third, we reanalyzed the association between ARBs and cancer overall using new users of other antihypertensives (␤-blockers, calcium channel blockers, and thiazide diuretics) as the comparison group; ARB use was not associated with cancer (adjusted RR, 0.96; 95% CI, 0.90 to 1.02).
Posthoc, the subgroup of male genital cancers was divided into prostate and nonprostate (penis, testicle, other) genital cancer. The adjusted RRs for ARB use were 1.13 (95% CI, 1.00 to 1.26) for prostate cancer and 1.64 (95% CI, 0.93 to 2.89) for nonprostate cancer. When other antihypertensives were used as the comparison group, the adjusted RR for the association between ARBs and prostate cancer was 1.18 (95% CI, 0.99 to 1.41). Analyzing prostate cancer risk according to duration of ARB use, estimated by cumulative received drug doses, we found that nonsignificant increases of RRs appeared to be evenly distributed across time periods ( Figure I in the online-only Data Supplement).
Discussion
This large nationwide cohort study found no significant association between use of ARBs and the risk of incident cancer overall compared with use of ACE inhibitors. Given the narrow CIs, a 4% risk increase associated with ARB exposure could be excluded. Risk estimates were similar for men and women and across specific ARBs and did not increase with increasing duration of exposure.
Our finding of no significant association between ARBs and cancer contrasts with that of a recently published metaanalysis of randomized trials by Sipahi et al, 4 who found a modestly increased risk of new cancer among patients treated with ARBs (RR, 1.08; 95% CI, 1.01 to 1.15) compared with placebo or comparator drugs. The meta-analysis also found an increased risk of lung cancer associated with ARB exposure (RR, 1.25; 95% CI, 1.05 to 1.49). In contrast, our study was able to exclude a 3% excess in lung cancer risk (RR, 0.92; 95% CI, 0.82 to 1.02), although an exploratory analysis by histological type found protective associations for small-cell carcinoma and cancer of other/unspecified histological type and an increased risk of adenocarcinoma. The reasons for the differences between our study and the metaanalysis may be due to several factors: we included unselected individuals from a real-world setting who may have differed from participants in clinical trials; the trials included in the meta-analysis were not designed to evaluate cancer as primary outcome, while we used data from the nationwide Danish Cancer Registry; in contrast to the meta-analysis, our study had access to individual-level data, enabling time-toevent analyses; and the meta-analysis was predominantly based on telmisartan, while the most common ARB in our report was losartan. Although it is possible that the average follow-up of 2.9 years for ARB use (following a half-year lag period) in our study may be too short for cancer to develop, a significant risk was detected in the meta-analysis 4 (average follow-up, 4 years), but not in our study, during a similar period of time. Furthermore, we did not detect increased risk associated with increasing exposure time; this analysis included a subgroup with Ͼ5 years of cumulative exposure (RR, 1.01; 95% CI, 0.94 to 1.08).
Other published observational studies found no significant association between ARBs and melanoma, breast cancer, or renal cell cancer, but had small sample sizes. 14 -16 Including more than twice the number of studies compared with the Sipahi et al meta-analysis, Bangalore and colleagues 25 recently analyzed pooled data from 21 ARB trials and found no evidence of increased risk of cancer on aggregate associated with ARB use compared with comparator drugs or placebo (odds ratio, 1.01; 95% CI, 0.93 to 1.09; fixed-effects model). Our study, which analyzed individual-level data, confirms these findings in a large unselected nationwide cohort and extends them to include a specific analysis of lung cancer and other cancer subgroups. A lower risk of cancer mortality associated with ARB use, as found in our study, is not supported by data from the Bangalore et al meta-analysis (odds ratio, 1.00; 95% CI, 0.87 to 1.15; fixed-effects model; mean follow-up, 3.5 years). 25 A carcinogenic effect associated with inhibition of the angiotensin system, if present, would have to be specific for ARBs, and hence for inhibition of the angiotensin II type 1 receptor, because ACE inhibitors are not associated with cancer. [7] [8] [9] [10] [11] This explanation, however, is unlikely, because increased expression of the type-1 receptor has been detected in several cancer types. 12, 13, 26 Indeed, the body of experimental data suggests that ARB treatment may reduce tumor growth and migration. 12, 13, 26, 27 Another possible explanation for a carcinogenic effect of ARBs might be that inhibition of the type 1 receptor by ARBs may lead to unopposed activity †Adjusted for calendar year in 2-year intervals, age in 10-year intervals, sex, socioeconomic class, degree of urbanization, number of hospitalizations in the previous 3 years, Charlson comorbidity index, and use of other antihypertensives (␤-blockers, thiazides, and calcium channel blockers). Calendar year and age categories were collapsed to include wider intervals in these subgroups because of small numbers of exposed cases and therefore nonconvergence of statistical models with original category definitions. ‡Excludes basal cell carcinoma. §Cancer of ill-defined, secondary, and unspecified sites and independent multiple primary sites.
of angiotensin II on the angiotensin II type 2 receptor. However, type 2 receptor activation would be expected to have antitumor effects, 28 -31 although data are somewhat conflicting. 27, 32 Safety studies in animals have also demonstrated the absence of carcinogenicity with high doses of ARBs. [33] [34] [35] [36] [37] [38] [39] Some strengths and limitations of our large nationwide cohort study deserve particular mention. We used nationwide registry data to ascertain exposure and outcome independently and included analyses of cancer subgroups by anatomic site and of cancer risk associated with specific ARBs. Use of filled prescriptions as a measure of drug exposure eliminates recall bias and improves the precision of information on specific drugs used. A limitation, however, is that nonadherence to the dispensed drugs would bias results toward the null if one of the drugs were associated with cancer. We used new users of ACE inhibitors as the comparison group. A design that compares initiators of 2 drugs with shared indications has advantages over a design that uses nonusers as a comparison group, reducing the potential for immortal time bias and balancing the treatment groups with regard to patient characteristics not measured in the available register data, 40 in our case, for example, smoking, physical activity, and dietary habits. Furthermore, a comparison to nonusers would have introduced a surveillance bias for cancer because patients under antihypertensive treatment are more likely to be examined by healthcare providers. We cannot, however, exclude the possibility of unmeasured confounding, because differences between ARB and ACE inhibitor users may still exist. Nonetheless, sensitivity analyses comparing ARB users with users of other antihypertensives yielded results similar to those of the main analysis, supporting its validity. The possibility that our primary comparison group, ACE inhibitors, might be associated with an increased risk of cancer, thereby obscuring a risk associated with ARBs, is not supported by previous data. [7] [8] [9] [10] [11] We used a relatively liberal definition of drug use, allowing up to 50% gaps between prescriptions. This may have misclassified unexposed time periods as exposed, which may have introduced a bias toward the null. A more conservative definition that did not allow gaps between prescriptions, thereby probably limiting analyses to those with more consistent drug exposure, yielded results very similar to the main analysis. We aimed to detect any possible risk associated with ARB use, if present, and did not correct for multiple testing in subgroup analyses. The observed significant association between ARB use and male genital cancer should therefore be viewed in the context of multiple testing because it could represent a chance finding. With the application of a Bonferroni adjustment to the subgroup analyses, a value of PϽ0.003 would be required for statistical significance. Consequently, statistical significance for male genital cancer would not have been observed. ARB use was also associated with a significantly reduced risk of the subgroup of other cancers in our study; thus, associations pointed in different directions. Furthermore, because risk of prostate cancer did not appear to increase with increasing duration of exposure, biological plausibility of this association is less likely. Nonetheless, the association between ARB and prostate cancer persisted in our posthoc comparison to other antihypertensives, and ARB treatment was associated with a nonsignificant increase in prostate cancer risk in the Sipahi et al 4 meta-analysis (RR, 1.15; 95% CI, 0.99 to 1.34); prostate cancer should therefore be the focus of further study. Likewise, exploratory analyses of lung cancer by histological type pointed in disparate directions; these findings require further study.
Conclusions
This large nationwide cohort study found no significantly increased risk of cancer overall, in 15 different cancer subgroups, including lung cancer, or in cancer mortality among new users of ARBs compared with new users of ACE inhibitors. The results from the only subgroup analysis associated with increased risk, male genital cancer, must be interpreted with caution, considering the Figure 3 . Association between use of specific angiotensin receptor blockers and risk of incident cancer overall compared with use of angiotensin-converting enzyme inhibitors in a nationwide cohort in Denmark, 1998 to 2006. RR indicates rate ratio; CI, confidence interval. *Adjusted for calendar year, age in 5-year intervals, sex, socioeconomic class, degree of urbanization, number of hospitalizations in the previous 3 years, Charlson comorbidity index, and use of other antihypertensives (␤-blockers, thiazides, and calcium channel blockers). Eprosartan and olmesartan exposure was uncommon; these 2 drugs were therefore analyzed together.
possibility of a chance finding resulting from multiple comparisons.
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